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SPECIFICATION 



[Translator's note: The amendments on pp. 446 - 446 in the original have been incorporated 
into the translation.] 

1. [ Title of the Invention ] 

Flame Retardant Resin Composition 

2. [ Claims ] 

(1) A flame retardant resin composition, containing, per 100 weight parts 
polyolefin, 40 to 200 weight parts magnesium hydroxide which has an 
average particle size of 3 to 13 ^m as measured using a MicroTrak\ and 
which contains 1 to 20 wt% 

<1 jam fine particles, 55 to 98 wt% 1-15 jam medium-size particles, and 1 to. 
25 wt% >15 )im, <50 ^m coarse particles. 

(2) A flame retardant resin composition as defined in Claim 1, containing 
0.5 to 20 weight parts of a reactive compound. 

3. [ Detailed Description of the Invention ] 

[ Field of Industrial Utilization ] 

The present invention relates to a polyolefin, and particularly to a flame retardant 
resin composition having a high degree of flame retardance, as well as excellent physical 
properties and chemical properties. 

[ Prior Art ] 

Polyolefins possess excellent physical properties and chemical properties, and for this 
reason are widely used to produce general-use and industrial films, sheets, pipes, containers, 
and the like through forming methods such as extrusion molding, injection molding, and 
rotoforming. 

However, polyolefins bum easily, and accordingly several methods have been 
proposed in the past for rendering them flame retardant. The most common method is to add 



" [Translator's note: Uncertain spelling; apparently a brand name of a particle size analyzer.] 



a 
» 

a halogen-based flame retardant, but halogen-based flame retardants have the drawback of 
emitting toxic gases during buming. Thus, the demand for inorganic flame retardants such as 
aluminum hydroxide and magnesium hydroxide, which have low toxic gas emission and low 
smoke emission, as non-toxic flame retardants is increasing (Japanese Laid-Open Patent 
Applications 51-132245 and 56-136832, Japanese Laid-Open Patent Application 1-234436, 
and elsewhere). 

Conventional commercially available polyolefins have particularly poor receptivity to 
such inorganic flame retardants, and it is accordingly not possible to add them in large 
quantities. As a result, it is not possible to achieve a high degree of flame retardance. Also, 
increasing the added amount of flame retardant has adverse effects on mechanical strength, 
flexibility, and workability, and in the case of production of cables or similar products, the 
surfaces become susceptible to damage, rendering them impractical for use. 

[ Problems Which the Invention Is Intended to Solve ] 

The present invention was developed with the foregoing in view, and is intended to 
provide a polyolefin that is endowed with improved flame retardance while retaining 
excellent mechanical strength, flexibility, and workability, resistance to damage, and other 
such properties, and that has wide potential application in electrical wiring, cables, packing, 
sealing materials, hoses, film, injection molded products, and the like, and in masterbatches. 

[ Means Used to Solve the Aforementioned Problems ] 

The first invention of the present invention is a flame retardant resin composition, 
containing, per 100 weight parts polyolefin, 40 to 200 weight parts magnesium hydroxide 
which has an average particle size of 3 to 13 ^im as measured using a MicroTrak, and which 
contains 1 to 20 wt% <1 \xm fine particles, 55 to 98 wt% 1-15 \xm medium-size particles, 
and 1 to 25 wt% >15 ^m, <50 |im coarse particles. The second invention is a flame retardant 
resin composition prepared by adding 0.5. to 20 weight parts of a reactive compound to the 
aforementioned first invention. 

The polyolefin used in the present invention can be ultra-low-density polyethylene, 
low-density polyethylene, linear low-density polyethylene, medium-density polyethylene, 
high-density polyethylene, olefin rubber, polypropylene, polybutene, or the like; soft 
polyolefins are preferred due to their superior receptivity to and compatibility with the 
magnesium hydroxide flame retardant and with other fillers. 

The soft polyolefin is preferably one selected from ultra-low-density polyethylene, 
ethylene-vinyl ester copolymers, copolymers of ethylene and a,p-carboxylic acids or 
derivatives thereof, ethylene-propylene random copolymer rubber, ethylene-propylene-diene 
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random copolymer rubber, and other olefin rubbers, propylene-ethylene random copolymers, 
propylene-butene-l random copolymers, and other a-olefin alternating copoljoners, and 
mixtures of these. 

The aforementioned ultra-low-density polyethylene (XJLDPE) is, for example, an 
ethylene-a-olefin copolymer having density of 0.860 - 0.910 g/cm and a maximum peak 
temperature (T^ of 60°C or higher as measured by differential scanning calorimetry (DSC), 
and ideally having a boiling n-hexane-insoluble fraction of 10 wt% or more. It is 
polymerized using a catalyst comprising an organic aluminimi compound and a solid catalyst 
component that contains at least titanium and/or vanadium. 

This ULDPE is a polyethylene which exhibits properties between those of linear low- 
density polyethylene and ethylene-a-olefin copolymer rubbers. The resin has both the highly 
crystalline component seen in linear low-density polyethylene and the amorphous component 
seen in ethylene-a-olefin copolymer rubber, and thus posses a good balance between the 
characteristics of the former (mechanical strength, heat resistance, and the like) and those of 
the latter (rubber elasticity, low-temperature impact resistance, and the like), and is extremely 
useful when employed in the present invention. 

Examples of said a-olefin are propylene, butene-1, 4-methylpentene-l, hexene-1, 
octene-1, decene-1, dodecene-1, and the like. 

Examples of said copolymers of ethylene and a,P-carboxylic acids or derivatives 
thereof are ethylene-a,P-unsaturated carboxylic acid copolymers, ethylene-a,p-unsaturated 
carboxylic acid ester copolymers, and metal salts, amides, and imides thereof. The preferred 
material is a copolymer produced by high-pressure radical polymerization and containing 50 
to 99.5 wt% ethylene, 0.5 to 50 wt% a,p-unsaturated carboxylic acid or ester thereof, and 0 to 
49.5 wt% other copolymerizable unsaturated monomer(s). 

Specific examples of a,P-unsaturated carboxylic acids and esters are acrylic acid, 
methacrylic acid, maleic acid, fumaric acid, maleic anhydride, itaconic anhydride, and other 
unsaturated carboxylic acids; and methyl acrylate, methyl methacrylate, ethyl acrylate, ethyl 
methacrylate, propyl acrylate, propyl methacrylate, isopropyl acrylate, isopropyl 
methacrylate, «-butyl acrylate, «-butyl methacrylate, cyclohexyl acrylate, cyclohexyl 
methacrylate, lauryl acrylate, lauryl methacrylate, stearyl acrylate, stearyl methacrylate, 
maleic acid monomethyl ester, maleic acid monoethyl ester, maleic acid diethyl ester, fumaric 
acid monomethyl ester, gylcidyl acrylate, gylcidyl methacrylate, and other unsaturated 
carboxylic acid esters. Of these, the (meth)acrylic acid alkyl esters are preferred. Ethyl 
acrylate is particularly favorable. 

Metal salts include sodium salts, potassium salts, calcium salts, lithium salts, 
aluminum saUs, magnesium salts, zinc salts, and the like. 

Said ethylene-vinyl ester copolymer is a copolymer of a principal component of 
ethylene prepared by high-pressure radical polymerization with vinyl propionate, vinyl 
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acetate, vinyl caproate, vinyl caprylate, vinyl laurate, vinyl stearate, vinyl trifluoroacetate, or 
other vinyl ester monomer. Of these, vinyl acetate is particularly favorable. A copoljmier of 
50 to 99.5 wt% ethylene, 0.5 to 50 wt% vinyl ester, and 0 to 49.5 wt% other copolymerizable 
unsaturated monomer(s) is preferred. 

Specific examples of such copolymers are ethylene-acrylic acid copolymers, ethylene- 
methacrylic acid copolymers, ethylene-ethyl acetate copolymers, ethylene-acrylic acid-ethyl 
acetate copolymers, ethylene-vinyl acetate copolymers, ethylene-vinyl acetate-ethyl acetate 
copolymers, ethylene-glycidyl methacrylate copolymers, ethylene-glycidyl methacrylate- 
ethyl acetate copolymers, and metal salts of these (ionomers). These copolymers may be 
used in combination. 

Ethyl ene-propylene-diene random copolymer rubber and ethylene-propylene- random 
copolymer rubber are particularly favorable as the olefin rubber. 

These two rubbers have thermoplasticity superior to that of other rubber-like 
substances, and are readily dispersed by heating and kneading. Additionally, they do not 
have the characteristic odor of SBR, isoprene rubber, nitrile rubber, and butadiene rubber, and 
can be procured in pellet form, which facilitates weighing and handling during the blending 
process; there is a high degree of fi-eedom in selection of the equipment used for composition 
manufacture, as well as additional advantages in terms of processing. 

Diene components which may be used for the aforementioned ethylene-propylene- 
diene copolymer include ethylidene norbomene, dicyclopentadiene, and 1 ,4-cyclohexadiene. 

The Mooney viscosity (MLj +4 lOO^C) of the rubber-like substance should be within 
the range 10 to 100, and preferably (MLi +4 lOO'^C) 20 to 90. If a material with an (MLi +4 
100°C) of less than 10 is used, there is virtually no improvement in impact resistance; a 
material with an (MLj +4 lOO'^C) above 100 has poor dispersion in the matrix resin. 

The propylene-based or butene-based soft polyolefin is a propylene-a-olefin random 
copolymer, butene-l-a-olefm random copolymer, or the like prepared using a Ziegler 
catalyst, and is a low-crystallinity or amorphous polyolefin. 

The present invention may additionally include isobutene rubber, butadiene rubber, 
1 ,2-polybutadiene rubber, styrene-butadiene random copolymer rubber, chloroprene rubber, 
nitrile rubber, styrene-butadiene-styrene block copolymer rubber, styrene-isoprene-styrene 
block copolymer rubber, and the like. 

Magnesium hydroxide is used as the flame retardant in the flame retardant resin 
composition which pertains to the present invention. As is well known, magnesium 
hydroxide decomposes into water and magnesium oxide when heated, and the water is 
released. It is therefore capable of transforming the readily flammable polyolefins into flame 
retardant materials. For use [in the present invention], this magnesium hydroxide is classified 
to obtain a material like that indicated by Al and A2 in Fig. 1, which has an average particle 
size of 3 to 13 p.m, and preferably 5 to 1 1 jim, as measured using a MicroTrak particle size 
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analyzer (an instrument developed by Leeds & Northrup, USA), and which contains 1 to 20 
wt% fine particles less than 1 nm in size, , 55 to 98 wt% 1-15 jam medixun-size particles, 
and 1 to 25 wt% coarse particles greater than 15 |im and no more than 50 ^tm in size. The 
reason for stipulating the average particle size to be at least 3 jxm, and preferably at least 5 
|im, is to afford good dispersion when blending the magnesium hydroxide into the polyolefin, 
and, while retaining mechanical properties and workability on a par with those afforded using 
conventional fine particles, to improve resistance to acid, scratching, whitening on bending, 
and the like, an achievement made possible by the fact that large particles are present at the 
surface so that the surface area of the magnesium hydroxide in proximity to the surface is 
smaller than with fine particle products. This is the reason for stipulating an average particle 
size of 3 |xm or greater; however, if the average particle size exceeds 13 ^im, the fluidity of 
the resin during forming is impaired, and if a sufficiently extended period of time is not used 
for the molding process, various defects tend to occur. Thus, in order to manufacture molded 
articles of desired shape inexpensively and efficiently in accordance with the present 
invention, the average particle size of magnesium hydroxide should be within the range 3 to 
13 fxm. 

[The magnesium hydroxide] is classified such that aforementioned medium-size 
particles with an average particle size of around 1-15 \im constitutes more than half (55 to 
98 wt%), the >1 jam fine particles constitute 1 to 20 wt%, and the >15 |im, 
< 50 fxm coarse particles constitute 1 to 25 wt%. If extremely magnesium hydroxide of 
extremely coarse particle size is added, the resin composition loses homogeneity and molding 
properties are impaired, so it is necessary to hold the maximum particle size to no more than 
50 ^m. The purpose of adding the < 1 |im fine particles is to bring about suitable dispersion 
among the coarser magnesium hydroxide, thereby enhancing the lubricating effect during 
filling, stirring, and molding, and increasing the total amount that can be added. Magnesium 
hydroxide classified into the aforementioned particle sizes is added in proportions of 40 to 
200 weight parts per 100 weight parts polyolefin. Where the added amount of magnesium 
hydroxide is less than 40 weight parts, insufficient flame retardance is conferred; in excess of 
200 weight parts, even when the particle size has been adjusted, the mechanical strength and 
elongation of the resin composition suffer and plasticity is lost, resulting in a brittle product. 

A specific example of methods for producing magnesium hydroxide having the 
particle size distribution described above is to mill naturally occurring brucite. Depending on 
the milling method and milling equipment, this product may assume the aforementioned 
particle size distribution as-milled; it is also possible to classify the product by sieving it 
according to the prescribed particle size, or adding material of prescribed particle size. 

The magnesium hydroxide used in the present invention is a classified material, and 
as such it is not necessary to subject it to surface treatment with stearic acid, oleic acid, 
palmitic acid, or other fatty acids, with metal salts thereof, with paraffin wax, polyethylene 



wax, or modified products thereof, or with organic boranes, organic titanates or the like in 
order to improve compatibility with and dispersion in the polyolefin, or to increase the added 
amount; however, the concomitant use of the above is permissible. 

The reactive compound used in the second invention is selected from the group 
comprising monomers containing carboxyUc acid radicals, carboxylic acid ester radicals, or 
acid anhydride radicals; epoxy group-containing monomers, hydroxyl group-containing 
monomers, amino group-containing monomers, multifunctional monomers, alkenyl cyclic 
imino ether derivatives, unsaturated silane compounds, unsaturated titanate compounds, and 
the like, and polyolefin resins containing at least one type of functional group selected from 
among these reactive compounds. Through a graft reaction or coupling reaction with 
polyolefin and/or magnesium hydroxide, this compound improves the compatibility of the 
magnesium hydroxide and the polyolefin. It may be added alone or in combination. 

Examples of monomers containing carboxylic acid radicals, carboxylic acid ester 
radicals, and acid anhydride radicals are maleic acid, fumaric acid, citraconic acid, itaconic 
acid, and other a,P-unsaturated carboxylic acids; and acrylic acid, methacrylic acid, buroic 
acid, crotonic acid, vinylacetic acid, pentenoic acid, and other unsaturated monocarboxylic 
acids, as well as a,p-unsaturated dicarboxylic acids, a,p-unsaturated monocarboxylic acid 
esters, and anhydrides thereof. 

Examples of epoxy group-containing monomers are glycidyl acrylate, glycidyl 
methacrylate, itaconic acid monoglycidyl ester, butenetricarboxylic acid monoglycidyl ester, 
butenetricarboxylic acid diglycidyl ester, and butenetricarboxylic acid triglycidyl ester; 
glycidyl esters of a-chloroallyl, maleic acid, crotonic acid, fumaric acid, or the like; vinyl 
glycidyl ether, allyl glycidyl ether, glycidyl oxyethyl vinyl ether, styrene-/?-glycidyl ester, or 
other glycidyl ethers; and /?-glycidylstyrene. Glycidyl methacrylate and allyl glycidyl ether 
are preferred. 

Examples of hydroxyl group-containing monomers are l-hydroxypropyl 
(meth)acrylate, 2-hydroxypropyl (meth)acrylate, hydroxyethyl (meth9)acrylate [sic], and the 
like. 

Examples of amino group-containing monomers are dimethylaminoethyl 
(meth)acrylate and diethylamino (meth)acrylate. 

Multifunctional monomers include trimethylolpropane trimethacrylate, ethylene 
glycol dimethacrylate, diethylene glycol dimethacrylate, and other typical multifunctional 
methacrylate monomers; divinyl benzene, triallyl isocyanurate, diallyl phthalate, vinyl 
butyrate, and other typical multifunctional vinyl monomers; A^,A'^ -/w-phenylene bismaleimide, 
N,N-QthylenQ bismaleimide, and other typical bismaleimides; and /?-quinonedioxime and 
other dioximes. 



" [Translator's note: Uncertain spelling; possibly an error for "furoic".] 
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Alkenyl cyclic imino ether derivatives are compounds having the structural formula 
given below. 




- 1 8- 



Here, n is 1, 2, or 3, preferably 2 or 3, and more preferably 3; r\ R^, r\ and R are each - 
Ci2 inert alkyl salts [sic] and or hydrogen; the alkyl groups may each have inert substituents. 
"Inertness" here refers to the fact that the group has no effect on the graft reaction or on 
reaction product function. R need not be same. Preferably, R*= R^ = H or R'' = CH3, R = H, 
i.e., 2-vinyl and/or 2-isopropenyl-2-oxazoline, and 2-vinyl and/or 2-isopropenyl-5,6- 
dihydro4H-l,3-oxahezine . These may be used individually or in combination. Of these, 2- 
vinyl and/or 2-isopropenyl-2-oxazoline is preferred. 

Unsaturated silane compounds include vinyl trimethoxysilane, vinyl triethoxysilane, 
vinyl triacetylsilane, and vinyl trichlorosilane. 

Unsaturated titanate compounds include tetraisopropyl titanate, tetra-w -butyl titanate, 
tetrakis(2-ethylhexoxy)titanate, and titanium lactate ammonium salt. 

The polyolefm resin containing at least one type of functional group selected from 
these reactive compounds can be a polyolefm graft-modified v^ith the reactive compound or a 
copolymer of the reactive compound and a copolymerizable olefin monomer. 

Examples of polyolefms containing an a,P-unsaturated carboxyhc acid or derivative 
thereof, an alkenyl cyclic imino ether derivative, or the like are graft-modified products 
prepared using maleic anhydride or other a,p-unsaturated carboxylic acid or derivative 
thereof or an alkenyl cyclic imino ether derivafive as the radical initiator for the polyolefin. 

Polyolefms to which these reactive compounds can graft include polyethylene, 
polypropylene, polybutene, olefin rubbers, the aforementioned ethylene copolymers, and 
mixtures of these. 

There are no particular restrictions regarding the monomer which is copolymerizable 
with the reactive compound. Examples are ethylene, propylene, butene-1, and other a- 
olefins; styrene, a-methylstyrene, and other olefin-based aromatic compounds; butadiene, 



^ [Translator's note: Uncertain spelling; possible typist's error.] 
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isoprene, and other olefin-based dienes; a,P-unsaturated carboxylic acids and derivatives 
thereof, and vinyl esters. 

The reactive compound(s) can be combined with the entire amount of the 
aforementioned polyolefin or with a portion thereof and subjected to a preliminary graft 
reaction or coupling reaction prior addition. Alternatively, it is possible to add it alone and 
without conducting any prior reaction. 

These reactive compounds can be used independently or in combination in amounts of 
0.5 to 20 weight parts per 100 weight parts polyolefin (or per 1 to 200 weight parts 
magnesium hydroxide). In the case of a polyolefin graft-modified with a reactive 
compound(s) or a copolymer of a reactive compound(s) with a copolymerizable olefin 
monomer, it is necessary to add 0.5 to 20 weight parts (converted to reactive compound(s)). 
No effect is achieved with amounts below 5 weight parts, while adding more than 20 weight 
parts can result in diminished workability and mechanical properties. 

In the resin composition which pertains to the present invention, a 
scratching/whitening prevention agent can be added in amounts such that the composition of 
the present invention and the qualities of the product are not impaired. The 
scratching/whitening prevention agents is at least one type selected fi-om the following: (1) 
mineral oils, waxes, paraffins; (2) higher fatty acids and esters, amides, and metal salts 
thereof; (3) silicone; (4) polyhydric alcohol partial fatty acid ester, fatty acid alcohol, fatty 
acid, fatty acid amino [sic], fatty acid amide, alkylphenol or alkylnapthol alkylene oxide 
adducts. 

Examples of the aforementioned (1) mineral oils, waxes, paraffins are process oil and 
other mineral oils; microcrystalline wax, polyethylene wax, and other waxes; and liquid 
paraffin, natural paraffin, and other paraffins. 

Examples of the aforementioned (2) higher fatty acids and esters, amides, and metal 
salts thereof are erucic acid, oleic acid, stearic acid, palmitic acid, linolenic acid, linoleic acid, 
sorbitan fatty acid, diglycerol fatty acid, pentaerythritol fatty acid, dipentaerythritol fatty acid, 
polyoxyethylene fatty acid, and other higher fatty acids; butyl stearate, stearic acid 
monoglyceride, oleic acid monoglyceride, 1,2-oxystearic acid, polyoxyethylene (5) glycerol 
monostearate, polyoxyethylene (20) glycerol monostearate, polyoxyethylene (5) glycerol 
monooleate, and other higher fatty acid esters; erucic acid amide, oleic acid amid, stearic acid 
amide, ethylenehydroxystearamide, methylene bisstearamide, ethylene bisstearamide 
complex amides'*, and the like. Higher fatty acid metal salts include magnesium stearate, 
barium stearate, and zinc laurate. 

The aforementioned (3) silicone includes silicone oil, silicone oligomers, silicone 
rubber, silicone resin, and the like. Higher fatty acid-modified silicone oils are preferred. 



* [Translator's note: Possible error for bistearamide and other complex amides."] 
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The aforementioned (4) polyhydric alcohol partial fatty acid ester, fatty acid alcohol, 
fatty acid, fatty acid amino [sic], fatty acid amide, alkyl phenol, and alkylnapthol alkylene 
oxide adducts include the aforementioned fatty acids; sorbitan monostearate, sorbitan 
monopalmitate, and other sorbitan fatty acid esters; glycerol fatty acid esters, pentaerythritol 
fatty acid esters, fatty acid amides, and the like to which condensates such as ethylene oxide 
or propylene oxide have been added. The carbon number of the aforementioned alkylene 
oxides is favorably 2 to 4. The alkylene oxide addition rate for ethylene oxide is about 1 to 
10 moles. These may be added individually or in mixtures. Random blocks may be used as 
well. 

Of the aforementioned scratching/whitening prevention agents, oleic acid amide, 
stearic acid amide, higher fatty acid amides, and higher fatty acid-modified silicone oils and 
other silicones are preferred. Higher fatty acid amides in particular are inexpensive and offer 
an economic advantage. 

In the flame retardant resin composition which pertains to the present invention, 
known conventional inorganic fillers of particulate, flake, needle, spherical, hollow, fiber, or 
other form can be used. Specific examples are calcium carbonate, magnesium carbonate, 
calcium sulfate, calcium silicate, clay, diatomaceous earth, talc, alumina, quartz sand, glass 
powder, iron oxide, metal powder, antimony trioxide, graphite, silicon carbide, silicon nitride, 
silica, boron nitride, aluminum nitride, carbon black, and other particulate fillers; mica, glass 
flake, sericite, pyrophyllite, aluminum flakes and other metal foils, graphite, and other fillers 
of flake or scale form; pumice and other hollow fillers; and glass fibers, carbon fibers, 
graphite fibers, whiskers, metal fibers, silicon carbide fibers, asbestos, wollastonite, and other 
mineral fibers. These filers are added in amounts of up to about 100 weight parts per 100 
weight parts of the composition of the present invention. If the added amount exceeds 100 
weight parts, the impact resistance and other mechanical properties of the molded article will 
be adversely affected. 

Depending on the intended application, the composition which pertains to the present 
invention may optionally contain organic fillers, antioxidants, lubricants, organic or inorganic 
pigments, ultraviolet inhibitors, dispersants, rust inhibitors, neutralizing agents, plasticizers, 
nucleating agents, and the like in amounts which do not adversely affect the physical 
properties of the composition. 

When preparing the flame retardant resin composition which pertains to the present 
invention, the polyolefin, magnesium hydroxide, reactive compound, and, optionally, suitable 
fillers, organic fillers, antioxidants, etc., are combined, melted an kneaded using an ordinary 
kneading device such as a Banbury mixer, pressure kneader, kneading extruder, twin-screw 
extruder, roller, or the like to produce a uniform dispersion, and is then formed using 
common methods, or used as a masterbatch of the like. 
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Practical Examples 

Practical examples of the present invention are given below. The invention is not 
limited to these examples. 

(Sample Preparation Method) 

[The ingredients] indicated in the Resin Composition column in Table 1 were dry 
blended in the indicated mixture proportions. Using a 40 mm extruder, the resins were 
melted and kneaded at a resin temperature of 20°C, a residence time of 3 min, and an 
extrusion rate of 1 5 kg/hr, and pelletized. [The pellets] were compression molded at 1 80*^0, 
50 kg/cm pressure to produce test specimens 1 mm thick. 

In Table 1, "polyolefin a" represents ethylene ethyl acrylate (Grade Al 150, 
manufactured by Nippon Petrochemicals Co.), "polyolefin b" represents ethylene vinyl 
acetate (Grade V260, manufactured by Nippon Petrochemicals Co.), "polyolefin c" represents 
low-density polyethylene (Grade W2000, manufactured by Nippon Petrochemicals Co.), 
"polyolefin d** represents linear low-density polyethylene (Grade AMI 710, manufactured by 
Nippon Petrochemicals Co.), "reactive compound e" represents N polymer (Grade 6100M, 
manufactured by Nippon Petrochemicals Co.), and "reactive compound f ' represents 
oxazoline. 

[Test Method ] 

Tensile strength and elongation 

Using a test piece punched out fi-om a specimen 1 mm thick with a no. 3 dumbbell, 
measured at a pulling speed of 200 mm/min using a Tensilon. 
Oxygen index 

Measured in accordance with JIS K7201 . 
Scratch point 

A 30 X 150 mm test piece was prepared from a specimen 1 mm thick. A sapphire 
needle (R = 0.5 mm) was placed vertically against the sample surface and slid along the 
sample at a speed of 2000 mm/min. The load (g) at which the sample scratched to white was 
designated as the scratch point. 
Acid resistance 

A test piece punched out from a specimen 1 mm thick with a no. 3 dumbbell was 
immersed for 10 minutes in 50^C HCL aqueous solution. The decrease in weight was then 
measured; a decrease of less than 10% was assigned an "O", 10 to 20% a "A", and 20% or 
more an "x". 
Volume resistivity 

Measured in accordance with JIS K6273. 
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[ Test Results ] 

Test results are presented in Table 1 

[legends] 

vertical labels for Table 1 

Resin composition 
Resin properties 
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Comparative Examples 
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[ Merits of the Invention ] 

Since the fine magnesium hydroxide particles are adequately dispersed among the 
coarser particles, mechanical strength, flexibility, and workability equal to that of 
conventional flame retardant resin compositions are retained, while scratch resistance and 
acid resistance are improved relative to conventional flame retardant resin compositions. 
This is attributed to the coarser magnesium hydroxide particles protruding from the surface, 
thereby protecting the polyolefin of the substrate. 

The flame retardant resin composition of the present invention is also excellent in 
terms of electrical properties, and thus can be used in crosslinked or uncrosslinked form as an 
electrical insulating material for electrical wiring, cables, and the like, and for exterior 
sheathing and other an electrical materials. The invention is particularly suitable for use in 
cables in various power plants in which the corrosive gas emissions are regulated, such as 
nuclear power research facilities; in cables for use in chemical, steel, and petroleum plants; 
and in areas where a high degree of flame retardance is required, such as in heat resistant 
electrical wiring and household wiring. 

The classified magnesium hydroxide used in the present invention can be obtained by 
milling naturally occurring brucite, and does not require special surface treatment with aniline 
surfactants, coupling agents, or the like. Costs are thus lower than with magnesium 
hydroxide of fine particles manufactured by conventional synthesis methods. 

The ability to produce at low cost a resin composition having the excellent flame 
retardance and thermoplastic properties described above meets today's needs. [The 
composition] in films, can be used for sheets, pipes, and other extrusion molded products or 
for masterbatching, and has potential application in panels, packaging materials, 
electrical/electronic components, automobile components, household furnishings, household 
products, and the like in a wide variety of fields including fibers, electrical, electronics, 
automobiles, ships, airplanes, construction, and civil engineering. 

4. [ Brief Description of the Figures ] 

Fig. 1 is an illustrative diagram showing the magnesium hydroxide particle size 
distribution. 
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